Anecdotal evidence and scientific surveys suggest that the quality of root canal treatment within the General Dental Services is often less than ideal. Six years ago, it was reported that endodontic teaching in the United Kingdom was given a low priority and that the time devoted to the laboratory practice of root canal treatment should be increased. In the following year, the European Endodontic Society (ESE) published guidelines for the teaching of Endodontology and made recommendations as to what should be included in the undergraduate curriculum. Shortly afterwards, the ESE published quality guidelines for endodontic treatment. The aim of this project was to determine the current pattern of undergraduate endodontic teaching within the dental schools of the UK. Data were gathered by questionnaire from all 14 undergraduate dental schools and supplemented with further detailed enquiries where necessary. The results were compared with that reported following an identical survey carried out previously. Although the ESE curriculum guidelines for endodontic teaching provide an overall framework for teaching, the results of this study confirmed that a number of topics were either not included or were covered only briefly. However, the average time devoted to the preclinical instruction of root canal treatment in the first clinical year had increased from 14 to 24 h, with additional time provided in subsequent years by the majority of schools. In most instances, staff teaching endodontology in the UK have no specialist training.
Introduction
Endodontology is concerned with the study of the form, function and health of, injuries to and diseases of the dental pulp and periradicular region, their prevention and treatment (European Society of Endodontology 1992) . Endodontic treatment includes procedures that are designed to maintain the health of all, or part of, the pulp. When the pulp is diseased or injured, treatment is aimed at preserving normal radicular tissues. When disease has spread to the periradicular tissues, treatment is aimed at restoring them to health.
In 1995/96, over 1.2 million teeth were root filled in England and Wales under the regulations of the General Dental Services (Dental Practice Board 1996) . Of these, 29% were anterior teeth and 36% molars and the overall cost of treatment was approximately £42 million. By contrast, in 1978, endodontic treatment of 800 000 teeth cost £8 million (Dental Estimates Board 1978) . The increased volume of root canal treatment completed in recent years has mirrored the continuing rise in patient expectations. Furthermore, significant developments in endodontic materials and equipment, changes in canal preparation techniques and a greater understanding of the associated disease and healing processes has been a further catalyst for expansion of endodontic care at the expense of tooth extraction.
Changes in endodontic philosophy are often manifest first in clinical dental practice. However, the decision as to whether or not new techniques and/or materials should be incorporated into the undergraduate curriculum can pose problems for teachers of endodontology. There have been two previous surveys related to the teaching of endodontics in the United Kingdom. At the First Workshop on Endodontics, Shovelton (1978) reported that the pattern of teaching was not uniform. For example, students were taught to obturate canals using either gutta-percha or silver points. N2 (Indrag AGSA SA, Lausanne, Switzerland) was used by six schools and resorbable pastes by four. At that time, the majority of schools used reamers for some part of canal preparation and camphorated monochlorphenol as routine medication. At the Second Workshop on Endodontics, Dummer (1991) indicated that a more consistent pattern of teaching had evolved, and that the stepback preparation technique and lateral condensation of gutta percha were universally accepted. At that time few schools had introduced contemporary approaches towards canal preparation and filling. One concern highlighted by the report (Dummer 1991) was the limited time devoted to preclinical endodontics within the curriculum and the finding that few dental schools provided additional teaching material for undergraduates, compared with schools in Europe and the United States.
The aim of the present study was to re-evaluate the pattern of endodontic teaching within UK dental schools in the light of the ESE curriculum guidelines, and to highlight the nature of any changes which have occurred since the last survey.
Materials and methods
In 1996, a questionnaire and covering letter were sent to each undergraduate dental school in the UK. The questionnaire was designed to determine details of the teaching of endodontics in permanent teeth. The letter also requested the respondent to return a list of lectures, seminars and practical sessions. If appropriate, a second letter was sent with a request either for clarification or for additional information. The collection of data was essentially the same as the survey of Dummer (1991).
Results

Response
Completed questionnaires were returned from all 14 undergraduate dental schools.
Timing of endodontic teaching
Preclinical instruction in root canal treatment commenced during the first clinical year in all schools. Nine schools held a second advanced course during the fourth year, the length and content of which tended to vary, but most were devoted to molar root treatment and 'alternative preparation procedures'.
Teaching methods
Lectures dedicated to practical topics in endodontics were given at all schools, with the number of hours per school averaging 8 (range 2-14). However, in many schools, additional teaching was undertaken by other departments. There also appeared to be an increasing trend towards giving seminars and tutorials in lieu of formal lectures. Table 1 indicates the department considered to be primarily responsible for the teaching of subjects related to endodontics. It was clear that teaching of certain topics, such as retreatment procedures and restoration of the root filled tooth, were considered to be the sole responsibility of the Conservation (Restorative) Unit. Other subjects, e.g. radiography, trauma and endodontic surgery, were taught by two disciplines. In some circumstances, there was a duplication in the delivery of information.
Responsibility for endodontic teaching
Teaching aids
Course manuals were produced by nine schools. Eight schools used more than one form of teaching aid but two schools did not employ anything other than traditional lectures, seminars and practical demonstrations ( were comprehensive and could be used in place of textbooks. One school had developed an interactive workbook.
Time allocated to preclinical practical exercises
Respondents were asked to indicate the number of hours dedicated to different procedures carried out in the preclinical course. Figures are given for the first, or basic course only (Table 3) . On average, the total number of hours devoted to the preclinical laboratory practice of root canal treatment in 1996 was found to be 24, with a range of 15-51 h. The time devoted to laboratory practice in the subsequent years varied from 3 to 15 h.
Student assessment
Methods of assessment of knowledge and clinical competence in preclinical endodontic procedures varied considerably (Table 4) , and ranged from two institutions relying entirely on continuous assessment to those adopting a wide-ranging variety of methods, including case presentations, written logs and oral examinations.
Only one school set a practical clinical examination, although there were laboratory practical tests in two schools. In no school was there a compulsory question on endodontology in a formal, written, Finals paper.
Recommended texts
Text book recommendations are given in Table 5 . Several schools recommended more than one text.
Clinical/practical procedures Preparation techniques
The descriptions of canal cleaning and shaping procedures varied from school to school, and some methods could not be categorised according to conventional terminology. It was clear, however, that most schools advocated coronal flaring prior to apical preparation and mid-root shaping. Methods recorded in Tables 6 and  7 are as described by the respondent to the questionnaire.
Irrigating solutions
Five schools taught students to use a solution of sodium hypochlorite only for irrigation, and one school (Goerig et al. 1982 , Leeb 1983 9 Stepback (Schilder 1974 , Weine et al. 1975 , Mullaney 1979 1 Modified balanced force (Roane et al. 1985) 1 advocated the use of saline only (Table 8 ). The remainder of respondents indicated that one or more solutions were used.
Root canal sealers
Several schools indicated that students were given the opportunity to use more than one root canal sealant material ( Table 9 ). The number of those schools in which only one material was used is given in brackets.
Inter-appointment medication
A non-setting paste of calcium hydroxide was routinely used as an interim canal medicament in seven schools.
In the other seven, medicaments were placed as and when considered to be appropriate, with a demeclocycline/triamcinolone paste (Ledermix; Lederle, Hants, UK) being used in five schools (Table 10) . Table 11 indicates that more than one temporary restorative material was used in the majority of schools.
Temporary restorative materials
The number of schools advocating the use of only one material is indicated in brackets.
Number of visits
Seven schools taught that root canal treatment should be completed in one visit for vital teeth, and whenever possible if circumstances permit (Table 12 ). However, the majority of respondents indicated that, in practical terms, endodontic treatment usually took at least two, if not more, visits.
Specialist staff
Members of staff considered to have expert knowledge and expertise were identified in eight schools (Table 13) ; however, few had completed a formal training in endodontology.
Discussion
As dental treatment provided within the General Dental Services and in the private sector evolves, it is essential to monitor undergraduate teaching in order to ensure that modern, clinically effective treatment modalities are incorporated into the curriculum. In his study of 1991, Dummer noted that there was a wide variation in the time devoted to preclinical exercises, the assessment of treatment standards, clinical experience and requirements. Furthermore, he found that in the UK, and compared with schools in Europe and the USA, limited time was devoted to the preclinical practice of root canal treatment; little in the way of additional teaching material was used, and staff members with specialist training in endodontology were the exception rather than the rule. He concluded that it would be sensible to formulate curriculum guidelines on a national level and that increasing the time devoted to the practice of root canal therapy should be seen as a priority. Since then, European guidelines for the undergraduate endodontic curriculum have been published (ESE 1992) , along with quality guidelines for treatment (ESE 1994) .
As there was a response from every school, the information presented here can be accepted as a valid reflection of undergraduate teaching at the present time: it yields valuable information with respect to both changing attitudes and contemporary approaches to endodontic education and clinical techniques.
The timing of endodontic teaching within the dental course was similar to that reported previously (Dummer 1991) . Thus, the majority of the teaching was completed by the end of the first clinical year, with more advanced topics covered later. This emphasizes the fact that endodontology is perceived to be a core subject within the overall discipline of restorative dentistry. The revision/advanced courses run in the majority of schools must be seen as beneficial, as they would not only cover new topics but also allow the opportunity to revisit and reinforce subjects covered initially.
The number of lectures devoted to practical topics had increased from an average of 5.6 h in 1991 (Dummer 1991) to 8 h. Although this small increase is encouraging, the number and scope of the lectures remains well below that reported in other European and US schools (Dummer 1991) and suggests that yet more time should be found to cover the range of subjects necessary to provide a comprehensive education. Indeed, it was clear that a number of topics included in the ESE curriculum guidelines (ESE 1992) were not covered in any school, e.g. bleaching.
The number of schools using additional teaching material such as manuals had increased from five (Dummer 1991) to nine, but some schools still relied exclusively on formal lectures and seminars. It could be argued that the use of textbooks would supplement teaching and make the use of manuals redundant; however, this is obviously not a view shared by the majority, and the production of manuals in all schools should be seen as a future goal. In some schools considerable efforts were made to ensure the manuals were comprehensive and topical; one school produced an interactive workbook.
Formal assessment of theoretical knowledge and practical skills was still limited and it is uncertain as to whether or not undergraduate students are fully proficient in diagnosis and treatment planning, as well as technical procedures. However, the time devoted to the preclinical instruction of root canal treatment in the first clinical year had increased substantially since the last survey (Dummer 1991) . This can only be welcomed as a great improvement, although there is no evidence available to determine what the optimum experience should be. Reinforcement of practical skills in courses held in the second clinical year was a feature in nine schools. Although the time allocated ranged from 3 to 15 h, this additional teaching must surely be of great benefit and steps should be taken to ensure that it becomes a feature of all endodontic courses. In most dental schools, undergraduate students were taught to prepare root canals by enlarging the coronal aspect prior to apical and mid-root preparation. This crown-down approach was not taught extensively 6 years ago (Dummer 1991) but clearly reflects the advantages of early orifice enlargement (Goerig et al. 1982) . The adoption of a modified double flared technique with balanced force manipulation of instruments (Saunders & Saunders 1992) by some schools confirms that rotational techniques are replacing filing techniques in some quarters. The continued preference of K-Flex files (Kerr Corporation, Romulus, MI, USA) and Flexofiles (Maillefer Instruments SA, Ballaigues, Switzerland) by the majority of schools clearly reflects the advantages of flexible instruments and those with blunt tips (Al-Omari et al. 1992a, b) .
Canal irrigation is considered to be an important component of endodontic therapy, and sodium hypochlorite was the irrigant of choice in most schools. There has been a move away from the routine use of an interappointment medicament, with half of the schools surveyed advocating that symptomless canals should be left completely free of any medicament, the other half recommending the placement of a non-setting paste of calcium hydroxide.
A reinforced zinc oxide-eugenol cement was still the preferred temporary restorative material, although there appeared to be an increasing trend towards the use of glass polyalkenoate and polycarboxylate cements. All schools taught that canals shouldbe filled with gutta-percha and a sealant using cold lateral condensation. A zinc oxide-eugenol based sealer (Tubliseal; Kerr Corporation) was favoured by most schools. Other filling techniques were taught in certain circumstances.
One of the recommendations of the curriculum guidelines (ESE 1992) is that, when possible, staff should have advanced training in endodontology, and should ideally devote their university appointment fully to endodontics. In no case does this situation occur in the UK at present. Additionally, it is emphasized that the staff: student ratio should be adequate; in the present study, the average ratio was found to be 1:12, the range being 1:6 to 1:25!
Conclusions
Time and the priority given to the teaching of endodontology in the undergraduate curriculum have increased in the past two decades. This trend is predicted to continue following the UK Specialist Report on Dental Training (1995) . It is anticipated that specialists in endodontology will play an increasingly important role in the future education of undergraduate dental students. It is essential that endodontology continues to be recognized as being of high priority, that a wideranging approach towards assessment procedures is established, and that students are taught and patients are treated by individuals with specialist interest and expertise as endodontic challenges increase and new materials and techniques continue to be developed.
